We analyze the stellar populations and evolutionary history of bulge-dominated field galaxies at redshifts 0.3 < z < 1.2 as part of the Gemini/HST Galaxy Cluster Project (GCP). High signal-tonoise optical spectroscopy from the Gemini Observatory and imaging from the Hubble Space Telescope are used to analyze a total of 43 galaxies, focusing on the 30 passive galaxies in the sample. Using the size-mass and velocity dispersion-mass relations for the passive field galaxies we find no significant evolution of sizes or velocity dispersions at a given dynamical mass between z ≈ 1 and the present. We establish the Fundamental Plane and study mass-to-light (M/L) ratios. The M/L vs. dynamical mass relation shows that the passive field galaxies follow a relation with a steeper slope than the local comparison sample, consistent with cluster galaxies in the GCP at z=0.86. This steeper slope indicates that the formation redshift is mass dependent, in agreement with "downsizing," meaning that the low mass galaxies formed their stars more recently while the high mass galaxies formed their stars at higher redshift. The zero point differences of the scaling relations for the M/L ratios imply a formation redshift of z form = 1.35 +0.10 −0.07 for the passive field galaxies. This is consistent with the (Hδ A + Hγ A ) line index which implies a formation redshift of z form = 1.40 +0.60 −0.18 .
INTRODUCTION
One of the challenging problems in modern astrophysics is to achieve a full understanding of how galaxies in the local universe acquired their observed properties. In this context, the evolution of baryons, in particular stellar mass growth, has resulted in ∼ 74% of stars in the local universe being locked in spheroids (Fukugita et al. 1998) , i.e. early-type galaxies or the bulges of late-type galaxies.
As a function of morphology, estimates of the fraction of field galaxies at 0.4 < z < 0.8 show that latetype, disk galaxies make up ∼ 31% of the population with only ∼ 17% of galaxies being early-type. The local population of galaxies at z ≈ 0 shows a sharp increase in spirals up to ∼ 72%, with most of this evolution attributed to peculiar galaxies transforming into spirals by z ≈ 0. In the same redshift interval, the fraction of early-type galaxies remains almost constant. (DelgadoSerrano et al. 2010) . A much milder evolution for spirals and early-type galaxies has been reported by Conselice et al. (2004) , but the difference in the result is likely due to the shallower sample considered. In high density environments, the morphological mix of galaxies differs with respect to that in the field (e.g., Dressler 1980; Holden et al. 2007; van der Wel et al. 2007; Postman et al. 2015) . The early-type galaxy fraction reaches ∼ 80% in the core of massive clusters, a fraction that seems non-evolving over the redshift range 0.03 < z < 0.8 for stellar masses of the galaxies larger than 4 · 10 10 M (van der Wel et al. 2007 ).
On one hand, the environment (field vs. cluster) seems to play a role in establishing galaxy properties such as stellar mass, morphology and size, although the details are still not well understood. On the other hand, recent evidence has been found that cluster and field ellipticals at z ≈ 1.3 do not differ much from each other at a fixed stellar mass, although there seems to be a clear lack of massive (M * > 2 × 10 11 M ) and large (r e > 4 − 5 kpc) field ellipticals as compared to those in clusters (Saracco et al. 2017) . Saglia et al. (2010) find that both field and cluster early-type galaxies are smaller and have higher velocity dispersions at a given dynamical mass in the redshift range 0.2 < z < 0.9 than at z=0. In contrast to this, no significant evolution in size or velocity dispersion at fixed dynamical mass was found for cluster galaxies from z=0.86 and z=1.27 to the present by Jørgensen & Chiboucas (2013) and Jørgensen et al. (2014) , respectively. A reason for the possible disagreement between these studies may be due to Jørgensen & Chiboucas (2013) studying higher density clusters with velocity dispersion σ cluster = 1110 − 1450 km s −1 and Saglia et al. (2010) studying mostly lower density clusters with velocity dispersion σ cluster = 300 − 700 km s −1 . Oldham et al. (2017) find very little size and velocity dispersion evolution at a given stellar mass. However, several other studies using stellar masses find that at a given mass, galaxies are smaller at higher redshift. (Trujillo et al. 2007; van Dokkum et al. 2010; Newman et al. 2012; Belli et al. 2014) Studies of the Fundamental Plane (FP; Dressler et al. 1987; Djorgovski & Davis 1987; Jørgensen et al. 1996) of cluster galaxies with masses > 10 11 M at intermediate redshifts have shown that the evolution of the galaxy M/L is consistent with passive evolution (e.g., Jørgensen et al. 2006 Jørgensen et al. , 2007 van Dokkum & van der Marel 2007) . The offsets in the M/L ratio with respect to Coma imply formation redshifts for massive (M 10 11 M ) cluster early-type galaxies of z form ≈ 2, which corresponds to somewhat older (∼ 0.4 Gyr) stellar populations in those galaxies compared with field counterparts from the same study (van Dokkum & van der Marel 2007) . This difference is almost negligible and is consistent with the similar cluster and field formation epochs reported by Rettura et al. (2011) . Moreover, it has been found that the FP is not significantly different for field and cluster galaxies at z=0 (e.g., Treu et al. 2001 and references therein) .
A steeper FP at higher redshift and relatively younger ages for massive cluster early-type galaxies at intermediate-to-high redshifts have been found by Jørgensen et al. (2006 Jørgensen et al. ( , 2007 and Jørgensen & Chiboucas (2013) . Similarly, a steeper FP at higher redshift for z ∼ 1 field early-type galaxies has also been reported by di Serego Alighieri et al. (2006a,b) , Treu et al. (2005b) , and van der Wel et al. (2005) . A steeper slope of the FP is understood to be the result of "downsizing," where high mass galaxies formed their stars at higher redshifts while low mass galaxies formed their stars more recently.
Line indices may be used to determine ages, metallicities, and element abundance ratios of stellar populations in galaxies and ultimately the evolution of earlytype galaxies in clusters (e.g., Jørgensen et al. 2005; Jørgensen & Chiboucas 2013) and in the field (e.g., Ziegler et al. 2005; Schiavon et al. 2006; Choi et al. 2014; Gallazzi et al. 2014) . Studies of the line indices in quiescent field galaxies show no significant evolution in metallicities and are consistent with passive evolution since z ∼ 0.7 (Choi et al. 2014; Gallazzi et al. 2014) . Studies of line indices in early-type galaxies such as Harrison et al. (2011) and Sánchez-Blázquez et al. (2006a,b,c) have found that absorption-line strengths, stellar population parameters, age, and metallicity do not differ between galaxies in the cluster centers and their outskirts. In contrast to this, Thomas et al. (2005) found a ∼ 2 Gyr difference in age between massive early-type galaxies in the field and massive early-type galaxies in clusters in the local universe. Also, Choi et al. (2014) find tentative evidence for cluster galaxies containing older stellar populations than field galaxies at similar redshifts. However, Thomas et al. (2010) find no significant difference between galaxies in the field and in clusters.
Motivated by the lack of consensus on the possible age difference between passive field and cluster galaxies and by a paucity of published work that treats this problem simultaneously with both high-quality spectra and accurate photometry, we address this issue using the rich spectrophotometric dataset of the Gemini/HST Galaxy Cluster Project (GCP; Jørgensen et al. 2005; Jørgensen & Chiboucas 2013) . Although the GCP sample is small compared to forthcoming results from the LEGA-C survey by van der Wel et al. (2016) , its high resolution imaging and high signal-to-noise (S/N) spectroscopic data allow for precise measurements of velocity dispersions, line indices, dynamical masses, luminosities and sizes. This allows us to derive and compare the formation redshifts for field and cluster galaxies and analyze the properties of the FP for those samples.
This paper is organized as follows: §2 describes our observational data and sample selection process, §3 introduces the methods, models and scaling relations used, and §4, §5, and §6 describe the results, discussion and conclusions, respectively.
Throughout this paper we adopt a ΛCDM cosmology with H 0 = 70 km s −1 Mpc −1 , Ω M = 0.3, Ω Λ = 0.7, and all apparent magnitudes are in the AB system (Oke & Gunn 1983 ).
2. OBSERVATIONAL DATA
Gemini North
The field galaxies we analyze here were observed serendipitously with the galaxy clusters MS0451.6-0305 (z=0.54), RXJ0152.7-1357 (z=0.83), and RXJ1226.9+3332 (z=0.89), which are part of the GCP. The data for cluster galaxies in MS0451.6-0305, RXJ0152.7-1357, RXJ1226.9+3332, are analyzed and published in Jørgensen et al. (2005) and Jørgensen & Chiboucas (2013) .
All spectra of the field galaxies in this paper were obtained with Gemini North using the Gemini MultiObject Spectrograph (GMOS-N) (Hook et al. 2004 ) in the multi-object spectroscopic mode. The spectroscopic sample selection for this paper is based on GMOS-N imaging using r', i', and z' filters. Galaxies were classified as expected cluster members based on their colors.
For galaxies imaged in the field of cluster MS0451.6-305, (r'-z' ) and (i'-z' ) colors were used. For galaxies in the field of cluster RXJ0152.7-1357, (i'-z' ) was used. For galaxies in the field of cluster RXJ1226.9+3332, (r'-z' ), (i'-z' ), and (r'-i' ) colors were used. When mask space was not filled with assumed cluster members, expected non-members were added. Our sample of field galaxies was selected from the observed galaxies that were determined to be non-members. For a detailed description on the methods of the spectroscopic sample selection refer to Jørgensen et al. (2005) and Jørgensen & Chiboucas (2013) .
This is the first analysis of the data for the 82 field galaxies and the first publication of their spectra. The data tables, greyscale images and sample spectra of the field galaxies can be found in Appendix A. Since the field and cluster galaxy data were obtained simultaneously, they were reduced in the same manner, the details of which are published in Jørgensen et al. (2005) and Jørgensen & Chiboucas (2013) . The median S/N per A in the rest-frame of the 82 field galaxies is S/N=28, while the 30 passive bulge-dominated field galaxies have a median S/N=35.
From the spectra of the galaxies, we measure redshifts, velocity dispersions and line indices. In this paper we use a subset of the Lick/IDS absorption line indices (Worthey et al. 1994) , see the data tables and sample spectra in Appendix A. Considering the redshift intervals spanned by our spectra, indices blueward of 4700Å in the rest-frame are available across our whole sample of field galaxies (0.3 < z < 1.2) and for all of our comparison sources from Perseus and Abell 194 (z = 0.02) to RXJ1226.9+3332 (z = 0.89).
Specifically, we use the higher order Balmer line indices Hδ A and Hγ A (Worthey & Ottaviani 1997) as well as the Hζ A index (Nantais et al. 2013) as primary indicators of the ages of the stellar populations. In our analysis, we use the combined index (Hδ A + Hγ A ) as defined in Kuntschner (2000) , namely:
As metallicity indicators we use the indices CN3883 (Davidge & Clark 1994 ), Fe4383 (Worthey et al. 1994 ), and C4668 (Worthey et al. 1994 Tripicco & Bell 1995) .
We adopt the typical uncertainties on the line indices from Table 19 in Jørgensen & Chiboucas (2013) , which were estimated from internal comparisons of the line indices. This is possible because the field sample was observed at the same time as the cluster sample, guaranteeing similar observing conditions and the same observational setup. For a detailed explanation on the calculation of the uncertainties, we refer the reader to Jørgensen & Chiboucas (2013) .
Hubble Space Telescope
The cluster and field galaxies in this paper were observed with the Hubble Space Telescope's (HST ) Advanced Camera for Surveys (ACS) and the data were obtained from the HST archive. The photometric parameters for our sample of field galaxies are published in Chiboucas et al. (2009) and Jørgensen & Chiboucas (2013) . They used the fitting program GALFIT (Peng et al. 2002) to derive the mean surface brightnesses, effective radii, and total magnitudes. The magnitudes were calibrated to rest-frame B using colors from the ground based imaging and the same technique as described in Jørgensen & Chiboucas (2013) , see also Blanton et al. (2003) . The Sérsic profile (Sérsic 1968) was used to determine the Sérsic index, n ser , to select bulge-dominated galaxies. In our investigation of the FP, we use parameters that were fit using a r 1/4 profile (de Vaucouleurs 1948) to be consistent with the analysis of our low redshift comparison sample. In Section 4.2 we present a brief test on the possible bias of this choice. log σ (b) Passive field galaxies Emission line field galaxies Figure 1 . (a) Redshift distributions of the two samples with a 0.05 bin size, passive field galaxies in red and emission line field galaxies in blue. (b) Velocity dispersion versus redshift. This figure is shown to display the redshift and velocity dispersion distributions for the passive and emission line field galaxies in our samples. The apparent clustering around z ≈ 0.95 is due to selection effects, not actual clustering.
Field Galaxy Sample
From a total of 82 field galaxies with spectroscopy, we select our passive field galaxy sample with the same criteria as those in Jørgensen & Chiboucas (2013) to be consistent with the cluster galaxy comparison samples. The selection criteria are the following (also see Table  1 ):
1. Spectroscopy with S/N ≥ 20 perÅ in the rest frame 2. A redshift cutoff of z ≥ 0.3 to exclude a few low redshift galaxies from our intermediate redshift sample 3. A Sérsic index of n ser ≥ 1.5 (Sérsic 1968) to select for bulge-dominated galaxies 4. EW[O ii] ≤ 5Å to exclude emission line galaxies, which may be star forming or contain an active galactic nuclei
Throughout this paper, the plots contain both the passive field galaxies and emission line field galaxies, though we concentrate on the passive field galaxy sample to allow a more consistent comparison between the field galaxies and the cluster galaxies in Jørgensen & Chiboucas (2013) . To provide approximately equally sized subsamples of passive field galaxies, we split our sample into two redshift bins, 0.3 < z < 0.8 and 0.8 < z < 1.2, with median redshifts of z = 0.68 and z = 0.95. Henceforth, we will refer to the galaxies in the lower redshift range as the z ≈ 0.7 sample, and galaxies in the higher redshift range as the z ≈ 1 sample. The redshift distributions and velocity dispersion distributions for the passive and emission line field galaxies are shown in Figure  1 . Throughout the paper, the number of field galaxies varies between plots because not all of the field galaxies have measurements for all line indices.
Local Comparison Sample
The Coma, Perseus, and Abell 194 clusters make up our local comparison sample. Perseus and Abell 194 are used for the analysis of line indices, while Coma is used for the size-mass, size-velocity dispersion, M/L-mass, and M/L-velocity dispersion relations as well as the derivation of the FP. Spectroscopic data for the Coma cluster (z=0.024) are published and detailed in Jørgensen (1999) , while the spectroscopic data for Perseus (z=0.018) and Abell 194 (z=0.018) are described in Jørgensen et al. (2005) and will be published in Jørgensen et al. (in preparation) . The same Bband photometry was used for the Coma cluster as in Jørgensen et al. (2005) . All three samples were filtered to exclude spiral, irregular, emission line, and low mass (< 10 10.3 M ) galaxies in order to best compare with our field galaxy sample. 
METHODS
The methods used to analyze the field galaxy sample are established in Jørgensen & Chiboucas (2013) and briefly summarized here.
Stellar Population Models
The interpretation of the line index values was carried out using the same models as done by Jørgensen & Chiboucas (2013) . This allows for a consistent comparison between their cluster galaxy data and our field galaxy data.
Our analysis is based on the single stellar population (SSP) models from Thomas et al. (2011) and Maraston & Strömbäck (2011) . We use the models that assume a Salpeter (1955) The CN3883 index has not been modeled by any of the commonly available models in the literature which also take into account non-solar [α/Fe] . Therefore, we follow the approach by Jørgensen & Chiboucas (2013) and adopt their Equation 4 (see also their Fig. 5 and Note-Column 1: scaling relation for the local comparison samples unless otherwise noted; Column 2: zero point for the low-redshift sample, uncertainties are calculated with bootstrap resampling; Column 3: number of galaxies included from the low-redshift sample; Column 4: rms in the Y-direction of the scaling relation for the low-redshift sample; Columns 5 -7: zero point, number of galaxies, and rms in the Y-direction for the z ∼ 0.7 passive field galaxies; Columns 8 -10: zero point, number of galaxies, and rms in the Y-direction for the z ≈ 1 passive field galaxies.
References-Columns 1-4 adopted from Jørgensen & Chiboucas (2013) , except the relation for log Hζ A which is from Jørgensen et al. (2014) . 
Adopted Scaling Relations
We compare the field galaxies to cluster galaxies at similar redshifts and to cluster galaxies at z ≈ 0 by fitting scaling relations to the samples. We assume that the relations are linear in log-space, since previous studies of larger samples in clusters do not find any nonlinearities, except in the log σ vs. log Mass relation for galaxies with masses above 10 12 M (Jørgensen & Chiboucas 2013; Jørgensen et al. 2014) . We use the same fitting technique as Jørgensen et al. (1996) , which minimizes the sum of the absolute residuals perpendicular to the relation. This technique is robust to outliers and does not assume any particular distribution of the residuals. The uncertainties of the coefficients are determined with a bootstrap method. Fits to the field galaxy samples show that the slopes of the relations are consistent at the 1σ level with the better determined cluster galaxy relations (Jørgensen & Chiboucas 2013; Jørgensen et al. 2014) . We therefore adopt the scaling relations from Jørgensen & Chiboucas (2013) , except for the scaling relation for Hζ A which is derived in Jørgensen et al. (2014) . These relations are listed in Table 2 , Column 1. The median zero points of the three samples are listed in Table 2 , Columns 2, 5 and 8. The uncertainties on these values are calculated using bootstrap resampling.
We chose RXJ1226.9+3332 as the high redshift comparison cluster because the X-ray structure of this cluster is the most relaxed of the high redshift clusters in Jørgensen & Chiboucas (2013) . The smooth, symmetric X-ray emission implies that RXJ1226.9+3332 has not undergone a recent cluster-cluster merger interaction, as opposed to the RXJ0152.7-1357 cluster at z = 0.84, which shows an elongated X-ray morphology indicative of an ongoing merger (Girardi et al. 2005; Jørgensen et al. 2005; Demarco et al. 2005 Demarco et al. , 2010 .
We then derive the median zero point differences, ∆γ, between the field galaxy samples and the local comparison sample. The random uncertainties on these, σ ∆γ , are derived using two methods: (1) paired bootstrap resampling and (2) using the following equation:
where subscripts "FG" refer to the field galaxy sample and "local" refer to the z ≈ 0 cluster sample. These methods produce similar results and we therefore use the values derived from Equation 2 throughout the text and figures.
In the following, we compare the scaling relation zero points for the two passive field galaxy samples to the local comparison sample. For the M/L-mass relation, we also compare the passive field galaxies to the cluster galaxies at high redshift. Jørgensen & Chiboucas (2013) fit RXJ0152.7-1357 and RXJ1226.9+3332 separately and determined that the slopes were consistent with one another. We therefore use the relation of these two clusters treated as one sample to compare to the passive field galaxies. The zero points and scatter are summarized in Table 2 .
4. RESULTS
Effective Radius and Velocity Dispersion vs.
Dynamical Mass Figure 2a shows the effective radius versus dynamical galaxy mass and Figure 2b shows the velocity dispersion versus dynamical galaxy mass. The galaxy masses are derived using the approximation Mass = 5r e σ 2 G −1 (Bender et al. 1992) . We assume that field and cluster galaxies at z ≈ 0 have identical size-mass relations (Huertas-Company et al. 2013 ). We then compare the slopes of the size-mass and velocity dispersionmass relations between the local comparison sample and the passive field galaxies and find no significant difference. We therefore adopt the slope of the local relation for the field galaxy sample and find the median offsets in the zero points for the passive field galaxies, see Table 2 . The zero point differences with respect to Coma in log r e for the z ≈ 0.7 and z ≈ 1 passive field galaxy samples are ∆log r e = −0.02 ± 0.06 and −0.04 ± 0.04, respectively, and therefore not significant. The zero point differences with respect to Coma in log σ for the z ≈ 0.7 and z ≈ 1 passive field galaxies are ∆log σ = 0.01 ± 0.03 and 0.02 ± 0.02, respectively, and therefore also not significant. The random uncertainties were calculated using Equation 2. The passive field galaxies follow the same relations as found for the Coma cluster sample and so we conclude that at a given dynamical mass, the passive field galaxies show no significant evolution of size or velocity dispersion between z ≈ 1 and the present. Yellow circles: Coma cluster galaxies. Green triangles: RXJ1226.9+3332 (z = 0.89) cluster galaxies. Small red circles: z ≈ 0.7 passive field galaxies. Large red circles: z ≈ 1 passive field galaxies. Small blue circles: z ≈ 0.7 emission line field galaxies. Large blue circles: z ≈ 1 emission line field galaxies. Yellow line: best fit relation for the Coma cluster (Jørgensen & Chiboucas 2013) . Black line and red line: best fit relation for Coma cluster offset to the median zero points of the z ≈ 0.7 passive field galaxies and z ≈ 1 passive field galaxies, respectively. Black error bars display the typical uncertainties for the passive field and RXJ1226.9+3332 galaxies, yellow error bars display the typical uncertainties for the local comparison sample. The passive field galaxies follow the same relations as found for the Coma cluster sample. We therefore conclude that at a given dynamical mass, the passive field galaxies show no significant evolution of size or velocity dispersion between z ≈ 1 and the present.
The zero point differences with respect to RXJ1226.9+3332 in log r e for the z ≈ 0.7 and z ≈ 1 passive field galaxy samples are ∆log r e = −0.02 ± 0.06 and −0.05 ± 0.05, respectively, and therefore not significant.
The zero point differences with respect to RXJ1226.9+3332 in log σ for the z ≈ 0.7 and z ≈ 1 passive field galaxies are ∆log σ = 0.02 ± 0.03 and 0.04 ± 0.02, respectively, and therefore also not significant. We conclude that the passive field galaxies follow the same size-mass and velocity dispersion-mass relations as cluster galaxies at similar redshifts. Figure 3 shows the FP edge-on. The parameters for the FP are fit using the r 1/4 profile. To test the validity of this choice, we investigate the residuals of the FP for the passive field galaxies determined from the parameters fit with the r 1/4 profile versus those fit from the Sérsic profile, see Figure 4 . Our results do not significantly depend on our choice to use the parameters fit with the r 1/4 profile. We investigate the correlation between n ser and the residuals of the FP determined from the r 1/4 profile and find no correlation. We therefore consistently use r 1/4 profiles to compare between samples. Figure 5 shows a projection of the FP using M/L ratios vs. the dynamical masses and the velocity dispersions of the galaxies. Figure 5 shows the predictions based on models from Thomas et al. (2005) for the relations of the median redshifts of the two passive field galaxy samples and of the RXJ1226.9+3332 cluster. These models assume that the low-mass galaxies formed their stars more recently while the high-mass galaxies formed their stars at higher redshifts. The passive field galaxies roughly follow the models, however, they show more evolution in the M/L vs. velocity dispersion relation than the models. The slope of the FP for the passive field galaxies is steeper than the Coma relation and consistent with the slope found for the cluster galaxies in Jørgensen & Chiboucas (2013) at z ≈ 0.86.
The Fundamental Plane
We use the same method as Jørgensen & Chiboucas (2013) to evaluate the evolution of the field galaxies as a function of mass and redshift. For this purpose, we divide the z ≈ 1 passive field galaxies into two subsamples, one with velocity dispersions of log σ < 2.24 and one with velocity dispersion of log σ ≥ 2.24. These two subsamples have average velocity dispersions of log σ = 2.12 and 2.30, respectively. The z ≈ 0.7 field galaxy sample contains only three galaxies with log σ ≥ 2.24 (Figure 1 ), and therefore was not analyzed in this way.
We use the equation ∆log M/L = 0.935∆log age (Jørgensen & Chiboucas 2013 ) based on the SSP models in Maraston (2005) to find the predicted formation redshift of the passive field galaxies under the assumption of passive evolution. We determine formation redshifts with χ 2 fits to the zero points differences in the M/L vs. Mass relation for the sample of passive field galaxies, which implies z form = 1.35
−0.07 . We also determine formation redshifts for the median zero point differences of the z ≈ 0.7 and z ≈ 1 samples. These results are listed in Table 3 . For the z ≈ 1 sample, the zero point differences of the low velocity dispersion subsample imply a z form = 1.24 +0.10 −0.07 and for the high velocity dispersion subsample a z form = 2.16 +0.81 −0.39 . To study the intrinsic scatter relative to the FP, we adopt the slope for the log M/L vs. log Mass relation from the RXJ1226.9+3332 and RXJ0152.7-1357 cluster galaxies treated as one sample and then calculate the median offsets in the zero points for the z ≈ 0.7 and z ≈ 1 passive field galaxies, see Table 2 . We then calculate the scatter with respect to this offset relation for the passive field galaxies. To calculate the intrinsic scatter in the relation we subtract off in quadrature the measurement uncertainty. The intrinsic scatter in the M/L ratio vs. log Mass for the z ≈ 0.7 and z ≈ 1 passive field galaxies is 0.18 ± 0.05 and 0.17 ± 0.04, respectively. The intrinsic scatter in the M/L ratio vs. log Mass for the RXJ1226.9+3332 and RXJ0152.7-1357 cluster galaxies treated as one sample is 0.08 ± 0.01. This may indicate that the passive field galaxies have less homogeneous stellar populations than the high redshift cluster galaxies. Figure 6 shows the line indices vs. the velocity dispersions of the galaxies.
Line Indices vs. the Velocity Dispersions
The (Hδ A + Hγ A ) lines are stronger for the passive field galaxies than for cluster galaxies at similar redshifts. This indicates that the passive field galaxies have younger stellar populations than the cluster galaxies. To find the predicted formation redshift of the passive field galaxies, we use the equation ∆(Hδ A + Hγ A ) = −0.126∆log age (Jørgensen & Chiboucas 2013 ) based on the SSP models in Thomas et al. (2011) . The χ 2 fits to the zero point offsets of the (Hδ A + Hγ A ) index imply a formation redshift of z form = 1.40 +0.60 −0.18 for the passive field galaxies. This formation redshift is consistent with that found from the M/L ratios. The formation redshift was also determined for the median zero point differences in the z ≈ 0.7 and z ≈ 1 passive field galaxy subsamples, see Table 3 . The Hζ A lines for the passive field galaxies indicate a formation redshift consistent with those found from the higher order Balmer lines but due to the large uncertainties on this index for the Perseus and A194 galaxies, more accurate measurements need to be taken for these measurements to provide additional constraints. The zero point differences for the C4668 and Fe4383 lines imply a formation redshift of z form ≈ 1.3 − 1.4, generally consistent with the higher order Balmer lines.
To calculate the intrinsic scatter in the relation for Fe4383, we subtract off in quadrature the measurement uncertainty. We find an intrinsic scatter for Fe4383 of 0.16 ± 0.05 and 0.26 ± 0.08 for the z ≈ 0.7 and z ≈ 1 passive field galaxy samples, respectively. The intrinsic scatter for Fe4383 of the local comparison sample is 0.05 ± 0.01 and for RXJ1226.9+3332 is 0.04 ± 0.01. Therefore, the z ≈ 0.7 and z ≈ 1 passive field galaxies show 4 and 6.5 times more intrinsic scatter, respectively, than that found for the cluster galaxies at similar redshifts. This supports the results from the scatter in the M/L-mass relation, further indicating that the passive field galaxies have less homogeneous stellar populations than the cluster galaxies at similar redshifts.
Index-Index Plots and Comparison to Stellar
Population Models 
DISCUSSION
Here we discuss the results of this work in the broader context of the published literature. The following topics will be discussed: §5.1 size and velocity dispersion evolution, §5.2 the FP, and §5.3 the stellar populations and ages.
Size and Velocity Dispersion Evolution
Our sample of passive field galaxies follows the same size-mass and velocity dispersion-mass relations as found for the Coma cluster sample and we therefore conclude that at a given dynamical mass, the passive field galaxies show no significant evolution of size or velocity dispersion between z ≈ 1 and the present. Oldham et al. (2017) find an extremely small amount of structural evolution in their sample of z=0.545 cluster galaxies. In contrast to this, several studies have found that galaxies at a given mass are smaller at higher redshifts (Trujillo et al. 2007; van Dokkum et al. 2010; Newman et al. 2012; Belli et al. 2014 ). However, these authors all use stellar masses while we use dynamical masses in our relations and models. It is unclear if the different method log σ (2013) and Jørgensen et al. (2014) found no significant evolution in galaxy sizes or velocity dispersions as a function of redshift at a given dynamical mass for their sample of z = 0.86 and z = 1.27 cluster galaxies, respectively. Saglia et al. (2010) analyze field galaxies and galaxies in less rich cluster environments (compared to Jørgensen & Chiboucas 2013) , and found that both field and cluster galaxies at a given mass are smaller and increase in velocity dispersion at higher redshifts. Jørgensen & Chiboucas (2013) already established that the differences between our conclusions are not due to selection effects, as Saglia et al. (2010) use the same limit in r e as ours, excluding galaxies with r e < 1 kpc from the samples. For a better comparison with our results, more studies of size evolution using dynamical masses are needed.
Our sample of passive field galaxies follow the same size-mass and velocity dispersion-mass relations as the cluster galaxy comparison sample at similar redshift. The Saracco et al. (2017) sample of passive field galaxies at z = 1.3 also follows the same size-mass scaling relations as their sample of cluster galaxies, meaning that at fixed stellar mass, they have the same structural parameters. They also find a significant lack of passive bulge-dominated field galaxies at M dyn > 2 · 10 11 M and r e > 5kpc. Our sample also displays these trends but this may be due to selection effects since our sample is by no means complete.
The Fundamental Plane
We find that the slope of the M/L ratio vs. dynamical mass of our sample of z ≈ 0.7 and z ≈ 1 early-type field galaxies is steeper than that of Coma. Supporting this conclusion, steeper FP slopes at high redshift have also been reported by di Serego Alighieri et al. (2005), Treu et al. (2005a,b) , and van der Wel et al. (2005) for their samples of field galaxies. This effect is also seen in high-density environments as shown by Jørgensen et al. (2006 Jørgensen et al. ( , 2007 and Jørgensen & Chiboucas (2013) . However, Gebhardt et al. (2003) find no significant difference between the slopes of the FP for their sample of field galaxies and the local comparison sample. The discrepancy between our results and those of Gebhardt et al. (2003) can possibly be attributed to their sample not containing galaxies of low enough masses, with only two galaxies in the redshift range 0.75 < z < 1.0 with masses < 10 10.8 M . The steepening of the FP slope is consistent with "downsizing" (Cowie et al. 1996) , where the high mass galaxies formed their stars at higher redshift and in a shorter time period than low mass galaxies. Figure 5 shows the predicted locations of the relations for passive evolution models from Thomas et al. (2005) for the median redshifts of the z ≈ 0.7 and z ≈ 1 passive field galaxies and the RXJ1226.9+3332 (z = 0.89) cluster galaxies showing galaxies with high mass forming their stars at high redshift and low mass galaxies forming their stars more recently. All three model lines use the high density environment predictions. The data roughly follow the models, implying that the passive evolution model and "downsizing" can explain our results. However, the passive field galaxies appear to show more evolution in the M/L ratio vs. log σ relation than predicted by the models, meaning that age depends more strongly on the velocity dispersion for this sample than stated in Thomas et al. (2005) .
For a deeper understanding of the evolution of field galaxies as a function of mass, we used the zero point differences of the M/L ratios to determine formation redshifts for the low-mass and high-mass passive field galaxy subsamples, see Table 3 and Figure 8 . These findings are consistent with those from other authors. −0.08 for field galaxies with M dyn > 10 11 M while for cluster galaxies within the same mass range they find z form = 2.01
−0.17 (see also van der Wel et al. 2005 , Oldham et al. 2017 . Similarly, Treu et al. (2005b) found z form ≈ 1.2 and z form > 2 for their low mass and high mass subsamples, respectively. They interpret the results to mean that the majority of the stellar mass in all systems was formed at z > 2, but that the low mass systems had secondary episodes of activity that revived the older population.
We investigate this further by showing the formation redshifts of individual field galaxies derived from the zero point differences in the M/L ratios versus dynamical masses, see Figure 9 . All of the field galaxies with log Mass dyn 10.6 M have experienced recent star formation. Above this mass, our sample contains a mix of galaxies, some that have experienced recent star formation and others that contain only older stellar populations. Since our sample is not complete, this analysis likely contains selection effects. A larger and more complete sample is required to determine if this is a general feature of passively evolving field galaxies.
In the case of cluster galaxies, Jørgensen & Chiboucas (2013) found z form = 1.24 ± 0.05 for low mass galaxies and z form = 1.95
+0.30
−0.20 for high mass galaxies. The consistency shown between the field and cluster galaxy populations in terms of formation epoch strongly suggests that galaxy age depends more on mass, rather than environment. Rettura et al. (2011) suggest that the timescale of the star formation histories of galaxies is determined by environment, but the timing of galaxy formation is regulated by the galaxy mass. This means that at a given stellar mass, field and cluster galaxies have roughly the same age (or z form ) but galaxies in clusters tend to have a less extended phase of star formation. More extended star formation activity should lead to lower [α/Fe] abundances as the products of Type Ia supernovae are recycled with those from core-collapse supernovae. The α-element abundances, as derived from line index fitting, may provide an independent assessment of the length of the star formation in galaxies as a function of environment. However, the typical star formation timescale difference between cluster and field reported in Rettura et al. (2011) is < 1 Gyr. This is too short of a difference to be detected in α-element abundances. 
+0.10 −0.07 
· · ·
Note-Column 1: Scaling relation. Column 2: Formation redshift determined with χ 2 fits to the zero point offsets in the scaling relation for the passive field galaxies. The formal uncertainties derived from the fits are unrealistically low, so the uncertainties listed were derived as the random uncertainties on the median zero points. Column 3-4: Formation redshift determined from the median zero point offsets in the scaling relation for the z ≈ 0.7 and z ≈ 1 passive field galaxy subsamples, respectively. Column 5: Formation redshift determined from the zero point offsets in the scaling relation for the galaxy clusters at z=0.86 (Jørgensen & Chiboucas 2013) The intrinsic scatter in the M/L vs. Mass relation for Coma is consistent with that of the z=0.86 clusters RXJ1226.9+3332 and RXJ0152.7-1357 treated as one sample. In contrast, Treu et al. (2005b) and van der Wel et al. (2005) find that the intrinsic scatter in the FP decreases with decreasing redshift, after allowing for evolution of the slopes.
The intrinsic scatter in the M/L vs. Mass relation for the passive field galaxies is ∼ 2.5 higher than the intrinsic scatter of the cluster galaxies at similar redshifts. This may indicate that the scatter in the M/L vs. mass relation is dependent on environment and not redshift. However, we recognize that this result depends on how precisely we understand and can quantify our measurement error. In contrast to this, Bernardi et al. (2006) show that the scatter in the FP at 0.05 < z < 0.14 does not depend on environment.
Stellar Populations and Ages
Line indices are used to determine characteristics of stellar populations such as ages and metallicities. For the cluster galaxies in Jørgensen & Chiboucas (2013) , the offsets in the higher order Balmer lines imply older ages than those found from the offsets in the M/L ratios. In contrast to this, for our sample of passive field galaxies, the ages determined from the strength of the higher order Balmer lines agree with the formation redshifts determined from the zero point differences in their M/L ratios. We confirmed there was no bias in our sample by calculating the formation redshift for only those field galaxies that had measured higher order Balmer lines. We then compared that result to the formation redshift determined from the entire sample of passive field galaxies and found no significant difference. Consistent with our results, Schiavon et al. (2006) find, for red field galaxies at z ∼ 0.9, a formation redshift of z form ≈ 1.1 − 1.3 when modeled using SSP models with supersolar metallicity.
One line index we use in our analysis is CN3883. Our sample of passive field galaxies exhibit weaker CN3883 lines than the cluster galaxies at similar redshifts. However, because there are no models published for CN3883, the predictions for this index were based on CN 2 models and the empirical relation between CN3883 and CN 2 . The passive evolution models predict a weakening of CN3883 that we do not detect in our data. We suggest that better or updated models are needed for this index. Figure 8 . Zero point differences of the scaling relations as a function of redshift. The zero point differences are derived as ∆zp = zpFG − zp low−z . The random uncertainties in the zero point differences are shown as error bars. Red circles: z ≈ 0.7 and z ≈ 1 passive field galaxy samples. Black triangles: galaxy clusters from the GCP. Black and purple circles: low-mass and high-mass passive field galaxy subsamples, respectively, for the z ≈ 1 sample. The lines overplotted show passive evolution models for z form as labeled based on SSP models from Maraston & Strömbäck (2011) for HζA, from Maraston (2005) for the M/L ratios and from Thomas et al. (2011) for the remainder of the indices. The zero offset in these models was set to z=0, while the zero offset in the calculations for Table 3 was set to z=0.024 for the plots that use Coma as the local comparison and z=0.018 for the plots that use Perseus. The median redshift of the field galaxies varies between panels because not all of the field galaxies have measurements for all line indices. The results for massive clusters are from the GCP (Jørgensen & Chiboucas 2013; Jørgensen et al. 2014) . These figures show that the passive field galaxies are consistent with the passive evolution model. The zero point differences in the M/L ratios agree with the formation redshift from most of the line indices. The models are not consistent with our data for CN3883.
∆(Hδ
Our analysis of the zero point differences of the line indices and M/L ratios of the passive field galaxies is consistent with the passive evolution model. In agreement with this, Gallazzi et al. (2014) and Choi et al. (2014) find that their samples of z ∼ 0.7 quiescent field galaxies are consistent with passive evolution. These authors also find no significant evolution in metallicities since z ∼ 0.7.
An important line index in our analysis centers on the Fe4383 lines because we find that the z ≈ 0.7 and z ≈ 1 passive field galaxies show 4 and 6.5 times more intrinsic scatter, respectively, than the cluster galaxies at similar redshifts. This may indicate that the passive field galaxies are more diverse in Fe4383 than the cluster galaxies. One potential explanation for this is that, as compared to the cluster galaxies, the passive field galaxies have experienced a larger range in the duration of their star formation episodes, consistent with Rettura et al. (2011) . Figure 9. Formation redshifts for the individual field galaxies as a function of dynamical mass. Small red circles: z ≈ 0.7 passive field galaxies. Large red circles: z ≈ 1 passive field galaxies. Small blue circles: z ≈ 0.7 emission line field galaxies. Large blue circles: z ≈ 1 emission line field galaxies. Arrows indicate uncertainties on z form that extend to the Big Bang. Three galaxies have formation redshifts calculated to be negative. Since this is unphysical, their formation redshifts are set to 0. The two galaxies with z form > 6 are from the z ≈ 1 sample.
SUMMARY AND CONCLUSIONS
To complement the study of cluster galaxies in Jørgensen & Chiboucas (2013) , we carried out an analysis of field galaxies observed as part of the GCP (Jørgensen et al. 2005) . From a total of 82 galaxies, we selected a sample of 43 bulge-dominated field galaxies using the following criteria: S/N ≥ 20 perÅ in the restframe, z ≥ 0.3, and n ser ≥ 1.5. We use effective radii and surface brightnesses published in Chiboucas et al. (2009) and Jørgensen & Chiboucas (2013) . We use GMOS-N spectroscopy to measure velocity dispersions and line index strengths, published for the first time in this paper. We divide our sample of field galaxies into two redshift bins: 0.3 < z < 0.8 and 0.8 < z < 1.2 with median redshifts of z ≈ 0.7 and z ≈ 1, respectively. We separated the sample of the 43 bulge-dominated field galaxies into passive and emission-line objects and used the 30 passive galaxies to conduct an analysis on the evolution of their FP and their stellar populations through line indices. Line indices were further modeled using the SSP models of Thomas et al. (2011) and Maraston & Strömbäck (2011) in order to establish formation redshifts. Our main results are as follows:
1. At a given dynamical mass, the passive field galaxies show no significant evolution in size or velocity dispersion between z ≈ 1 and the present, when compared to local cluster counterparts.
2. The Fundamental Plane and M/L ratios vs. dynamical masses and velocity dispersions show that the passive field galaxies follow relations with steeper slopes than the Coma cluster relations. The steeper slopes of the passive field galaxies are consistent with the slopes of the cluster galaxies in the GCP at similar redshifts. This shows that the low mass galaxies formed their stars more recently while the high mass galaxies formed their stars at higher redshifts. To further test this "downsizing" scenario, we divided our z ≈ 1 passive field galaxy sample into two (low-and highvelocity dispersion) subsamples. Using the zero point offsets of the M/L ratio-mass relation for these two subsamples, we find formation redshifts of z form = 1.24
−0.07 and z form = 2.15
+0.80
−0.38 for the low-and high-velocity dispersion subsamples, respectively. For the cluster galaxies at similar redshifts, the same relation implies formation redshifts of z form = 1.24 ± 0.05 and z form = 1.95
for the low-and high-velocity dispersion subsamples, respectively. This suggests that the ages of the galaxies depend more on mass than on environment. From the formation redshifts of individual galaxies, we determine that all of the field galaxies with log Mass dyn 10.6 M have experienced recent star formation. Above this mass, our sample contains a mix of galaxies, some that have experienced recent star formation and others that contain only older stellar populations. −0.18 for the passive field galaxies, consistent with those derived from the M/L ratios. This is also supported by the C4668 and Fe4383 indices, which indicate formation redshifts of z form ≈ 1.3 − 1.4. We note that the models fail to reproduce the very small change in CN3883 index values with redshift, which suggests that a revision of the models is needed when trying to reproduce this feature. For the cluster galaxies, the higher order Balmer lines imply formation redshifts of z form > 2.8. This indicates that the passive field galaxies contain younger stellar populations than the cluster galaxies at similar redshifts, in disagreement with consistent ages derived between the two samples from the offsets in the M/L-mass relation.
The comparison between our sample of passive field galaxies and cluster members may indicate that environment causes differences in the stellar populations of bulge-dominated galaxies. Namely, the increased scatter in the M/L-mass relation and Fe4383 lines for the passive field galaxies implies that the field galaxies are less homogeneous than cluster galaxies at similar redshifts. However, we are aware of the limitations of our small sample size and suggest that a larger, systematically selected sample is needed to confirm the possible environmentally-driven differences in galaxy stellar populations at intermediate redshifts.
The editor, Christopher Conselice, and anonymous referee are thanked for their useful comments which have improved this paper. C.W. and R.S. In this appendix we provide the results from template fitting in Table A1 and line indices in Tables A2 and A3 . Sample spectra shown in Figure A1 with all spectra available in the online journal. Greyscale images of the passive and emission line field galaxies are shown in Figures A2 and A3 . Galaxy IDs are from Jørgensen et al. (2005) and Jørgensen & Chiboucas (2013) . The coordinates for the galaxies are published in those papers. a Sample: (1) Passive bulge-dominated galaxies, (2) Emission line bulge-dominated galaxies, (3) Disk dominated galaxies, (7) Galaxies not included in the analysis. See text for full description of the samples.
b Velocity dispersions corrected to a standard size aperture equivalent to a circular aperture with diameter of 3.4 arcsec at the distance of the Coma cluster (cf. Jørgensen et al. 1995) . Velocity dispersions for galaxies in the field of MS0451.6-0305 have also been corrected for systematics, see Jørgensen & Chiboucas (2013) .
c S/N perÅngstrom in the rest frame of the galaxy. The wavelength interval was chosen based on the redshift of the galaxy and is typically: redshift <0.6 -4100-5500Å; redshift >0.6 -3750-4100Å. 
RXJ0152.7-1357: Note-The indices have been corrected for galaxy velocity dispersion and aperture corrected to a standard size aperture equivalent to a circular aperture with diameter of 3.4 arcsec at the distance of the Coma cluster Jørgensen et al. (1995) . The second line for each galaxy lists the uncertainties. Table A3 continued Note-The indices have been corrected for galaxy velocity dispersion and aperture corrected to a standard size aperture equivalent to a circular aperture with diameter of 3.4 arcsec at the distance of the Coma cluster Jørgensen et al. (1995) . The second line for each galaxy lists the uncertainties. Figure A1 . Sample spectra of the field galaxies. Black lines: observed spectra; green lines: four times the random noise in the spectra. Major spectral features are labeled with red dashed vertical lines. This particular figure contains passive bulge-dominated field galaxies by increasing redshift. All field galaxy spectra are available as an electronic figure.
